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Outside cosmology, the procedure normally followed in science requires the inte gration of hyperbolic partial differential equations subject to initial data given on a free surface, which is usually taken to be a time section of spacetime. The initial data are determined in experimental science from observation and the re sults of the integrations are also checked by observations. Friedmann (Big Bang) cosmology suffers, however, from the fact that the observations cannot determine initial conditions. Thus in that theory the initial conditions have only the weak status of guesses.
There is also some question whether the correct equations are being used, since the gravitational equations of that cosmology are not scale invariant, a situation unlike the rest of physics. Since m atter exists in what is supposed to be a space of finite temporal duration its origin should be explained, working from a suitable lagrangian and action. Otherwise the origin is placed outside science. This is what is done in Big Bang cosmology.
In this paper we depart from the standard procedure by first deriving grav itational equations that are scale invariant, whence it is shown that in a scale invariant gravitational theory particles have the property that the two lengths associated with them, the Compton wavelength and gravitational radius, must be comparable, i.e. they are Planck particles. It is then shown that the theory has the scope to explain the genesis of the so-called cosmological constant, and the usually required magnitude of the cosmological constant is derived.
When interactions other than gravitation are included, Planck particles are un stable. The effect of instability on newly created Planck particles is to introduce terms into the gravitational equations additional to those of general relativity. In particular, there are negative pressure terms which act to expand the universe. The energy terms are such as to suggest that particle creation must be of an ex plosive nature and that it must occur in the neighbourhoods of highly compacted bodies, a property which appears to provide a connection between cosmological theory and high-energy astrophysics.
T h e case for an d a g a in st B ig B a n g co sm o lo g y
The words 'cosmology' and 'astrophysics' are widely used without any precise de termination of a boundary between them being offered. Here we use the tentative definition that cosmology refers to a study of those aspects of the universe for which spatial isotropy and homogeneity can be used, with the spacetime metric taking the form F. Hoyle, G. Burbidge and J. V. Narlikar 
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in terms of coordinates t, r, #, 0 with stant k in this so-called Robertson-Walker form can be shown to be 0 or ±1. The 'particles' to which (1.1) applies are thought of as galaxies or clusters of galaxies, each 'particle' having spatial coordinates r, #, 0 independent of the universal time t. They form what is often referred to as the Hubble flow. But with 'particles' considered in more detail, as stars, or as atoms, or as elementary particles, and with fine-scale inhomogeneities and deviations from isotropy permitted we are in the realm of astrophysics.
Big Bang cosmology in all its forms is obtained from the equations of general relativity, within a general spacetime volume V. The physical lagrangian £ phys(X) generates the energy-momentum tensor Tik in this variation of gik. In so-called standard Big Bang cosmology the physical lagrangian includes only particles and the elec tromagnetic field, whereas in inflationary forms of Big Bang cosmology a scalar field is also considered to be added to £ phys. This is done in various ways, with the various ways referred to as scenarios and with them being severally advocated by different authors (see Narlikar & Padmanabhan 1991 for a review). They have in common that they are fields without sources and are considered to be explained by describing them as false vacuum, although whether a field without physical sources can be conjured by calling it a vacuum is a matter of opinion. The action A associated with the spacetime volume V is a dimensionless num ber, as are the components of the metric tensor This requires Lphys to have dimensionality (length)-4, a situation that is achieved by taking the Compton wavelength of some chosen form of particle as the unit of length. The scalar curvature R is of dimensionality (length)-2 and so must be the constant A, as must also be the reciprocal of the constant G. This is already a strange feature of so-called standard theory. It is strange to have constants with physical dimen sionalities appearing in what is supposed to be fundamental theory. It is doubly strange to have two of them, and it is triply strange that they are enormously different in magnitudes. In its usual applications A is less than G~l by a dimen sionless number of order 10-120. When at a later stage we come to what we regard as a more basic theory than the above we shall attempt to explain the origin of both G and A.
The action A must be dimensionless from the requirements of quantum me
Proc. R. Soc. Loud. A (1995) chanics, according to which exp \A is the probability am of the particular configuration of fields and particles used in the evaluation of The total probability amplitude from which average values are to be computed is given by y expiA (1.5) c o n fig u ra tio n s However, in an effectively classical situation only those configurations close to that for which the principle of least action, = 0, is satisfied with respect to all possible variations of the configurations add systematically in the summation. The rest cancel each other. It is this which leads to the equations (1.2). Applying these equations when the metric has the special form of (1.1) gives a result of the form S2 + k A B . 52 _ 53 + ^ + 3A'
(1*6) in which the A /S 3 term with A > 0 arises from particle with n = 4 for the electromagnetic field and > 0 for all positive energy fields.
and with A, B > 0, S evidently -» 0 at some finite time, which can be taken the zero of t, t = 0. This is the Big Bang. The initial conditions assumed in the standard model are: (i) the universe was sufficiently homogeneous and isotropic at the outset for the metric (1.1) to be used immediately over a range of the r-coordinate of relevance to presentday observation;
(ii) k = 0; (iii) A = 0; (iv) the initial balance of radiation and baryonic matter was such that the light elements D, 3He, 4He, 7Li were synthesized in the early universe in the following relative abundances to hydrogen From detailed calculations these abundances can be shown to require P b a r y o n -10_32T 3 g C n f 3, (1.8) the radiation temperature being in degrees Kelvin (Gamow 1946; Alpher et al. 1950 Alpher et al. , 1953 Hoyle & Tayler 1964) . While the need for such far reaching assumptions as (i) to (iv) has always prompted a measure of unease they were widely accepted for a decade and a half, and are indeed still fully accepted by the more orthodox supporters of the standard model. Others, however, welcomed the inflationary idea of including a scalar field in the physical lagrangian that initially dominated both matter and other fields and which varied adiabatically in such a way as to givê A (1995) (1.9) with C a constant. The solution (1.9) is considered to apply from 0 to a value of t large compared with l/y/C. It greatly reduces the range of the r-coordinate over which (i) is needed and it effectively removes the from (1.6). It also removes any initial contributions to (1.6) from matter and radiation, but these are considered to be reasserted through a physical transition of the scalar field, which jumps the equation for S2/ S2 from (1.9) to A _ B _ S2 _ S3 + S4 ' the A term being due to matter and the B term due to radiation. The magnitude of terms on the right-hand side of (1.10) is taken to correspond to the requirement (iv), so that only (iii) remains to be assumed. Then as S continues to increase, the radiation term in (1.10) eventually becomes unimportant and
which is the so-called closure model with matter just having sufficient expansion to reach a state of infinite dispersal, a condition that is considered most favourable for the eventual formation of stars and galaxies. At this stage the standard inflationary scenario begins with primordial density fluctuations which are supposed to grow with time. The observational constraints to be satisfied are (i) the observed fluctuations of temperature in the microwave background and (ii) the observed large scale motions of galaxies in our neigh borhood. Despite several epicyclic efforts invoking cold dark matter, hot dark matter, a mixture of the two, biasing, etc., as yet no working scenario for struc ture formation has emerged (for a review see Padmanabhan 1993) . Nor has any experimental verification been available for the super-symmetric particles that are believed to make up the CDM or HDM.
It is worth pausing briefly to consider the basic methodology of classical physics. It consists largely in the solution of hyperbolic partial differential equations sub ject to stated boundary conditions on some spacelike free surface, which is almost always taken to be a time section of spacetime. Unlike cosmology, where initial conditions are needed over an entire time section, with laboratory investigations the relevant initial conditions extend only over small elements of free surfaces, permitting them to be determined directly by observation. The differential equa tions are then integrated to future time sections and the calculated results are again compared with observation. This procedure is used in research as a means of verifying the accuracy of the physical laws. In applied science, where the laws are assumed to be correct, it is used to produce wanted practical results. But in Big Bang cosmology it cannot be used at all, because initial conditions over an entire time section, following closely after the Big Bang itself, are not suscepti ble to observational determination. This inability of observations to extend back in time to the early universe is not just a matter of instrumental limitations, it is inherent. Because the present day observer is necessarily limited to what in cosmological terms are data acquired along a single light cone, which is to say a single characteristic surface, and data acquired down a characteristic surface do not provide suitable initial conditions for the solution of hyperbolic partial differential equations.
Big Bang cosmology is therefore obliged to proceed from initial conditions that are guesses, as for instance the relation (1.8) is a guess. Nevertheless, it may happen that a guess made on a time-section shortly after the Big Bang has multiple, apparently distinct, consequences in the present day world, as (1.8) does. Putting T = 2.73 K for the present day radiation temperature, (1.8) gives Pbaryon -2 x 10_31g cm~3 for the average present day baryonic density in the universe, a requirement where Big Bang cosmology couples to the observed rel ative abundances of D, 3He, 4He and 7Li. In the standard model, the closure condition demands a present day total universal density of ca. 10 g cm-3, the Hubble constant defined by the present day value of being written as 100/i km s 1mpc_1. Although h remains moderately uncertain -it is considered to lie in the range 0.5 ^ h1 -the uncertainty is not sufficient to 10~29h3 g cm-3 to the value Pbaryon ~ 3 x 1CU31 g cm-3 required by (1.8). This has led to the prediction that 90% or more of the material in the universe is not of baryonic form, thereby generating a problem of identification of interest to particle physicists.
It has for long been known that the visible stellar material in galaxies con tributes ca. 3 x 10-3]7i2 g cm-3 to the mean density of the universe (van den Bergh 1961) . This stellar material lying within distances ca. 15 kpc of the centres of galaxies, gave a value so close to the baryonic value of 2 x 10_31g cm-3 as to apparently give strong support to the standard model, despite the basis of the agreement being the assumption rather than the proof of (1.8). The view gained ground that the baryonic component was stellar and visible, while the much larger non-baryonic component was non-luminous and so 'dark', a view that acquired further credibility when astrophysical evidence showed that the halos of galaxies, extending to distances ca. 50 kpc from galactic centres, contained two to three times more material than the inner luminous stellar regions, so that halo material was also considered to be 'dark'. Since our own galaxy possesses such a dark halo, and since halo material would be expected to penetrate also into the inner stellar distribution, including the Solar System, it was felt that the particles comprising the unknown dark material were immediately on hand to a terrestrial observer, and so potentially detectable.
One could argue that assuming the cosmological principle, our observations along the past light cone tell us what the universe was like along any past t = const, hypersurface, and one can establish consistency of those 'initial condi tions' with the present state of the universe, using physical laws. This procedure does not, however, work for the Big Bang cosmology for t less than the recombi nation epoch. No direct observation of the universe before this epoch is possible. One therefore is forced to extrapolate the model as well as physical laws to epochs approaching the GUT and Planck epochs. In this process neither the initial con ditions are well defined and observable nor is the set of physical laws testable in the laboratory. The best one can hope for is a self-consistent scenario that combines the extrapolations in cosmology and particle physics with the observed features of the present state of the universe. The nature of dark matter is one example.
This argument is about two decades old and it has not so far yielded posi tive results. While particle physicists have been particularly enthusiastic about the possibility of detecting non-baryonic matter, most astrophysicists have spec ulated that the dark halo material was simply stars or large planets with masses too small to be perceptible as luminous objects, either individually or as a dif fuse background. The development in recent years of the concept of microlensing of distant luminous starlike sources by intervening small bodies led to the sug gestion (Paczynski 1986 ) that, if such baryonic bodies account for the mass of the galactic halo their effect might be observed against the dense starfield of the Large Magellanic Cloud. Two reports on possible detection of dark stars using this technique have appeared recently (Alcock et al. 1993; Aubourg et al. 1993) .
Although as yet there appear to be only three microlensing cases there would need to be a very large number of small bodies involved as foreground objects for even three cases to have occurred in the limited time frame of these observations. As is unfortunately the situation in much of astrophysics the position is ambigu ous. From the several weeks duration of the microlensing events it can be deduced that the lensing objects could either be small stellar masses, ca. 0.1 M0 in the galactic halo, or still smaller planetary masses in the galactic disc. The observa tions do not decide which. Nevertheless, it is impressive that a relatively simple observation should quickly lead to a positive result, whereas the attempts over almost 20 years to identify a mysterious non-baryonic form of particle have as yet led nowhere. Nor have other assumptions besides (1.8) for the initial conditions been shown to lead to multiple detectable consequences. Hence (1.8) remains the main support of the theory.
Supporters of the Big Bang (see, for example, Peebles et al. 1991) have sought to advance their position by arguing that no viable cosmological alternative exists, as if to say: 'We know that our theory may have weaknesses but since nothing else exists what we say must be correct by default.' The existence of the mi crowave background is the example usually offered of a phenomenon without alternative explanation. Yet even from the late 1960s this was not true. With ca. 3 x 10~31 g cm-3 as the average density of stellar material, the corresponding average universal density of 4He, ca. 3 x 10-31Y g cm-3 is ca. 7.5 x 10-32 g cm-3, with Y -0.25 the mass fraction of helium in stellar material. The energy ob tained at ca. 6 x 1018 erg g-1 would therefore be 4.5 x 10-13 erg cm-3 in deriving this helium from hydrogen, which would yield a radiation field of temperature ca. 2.78 K, if thermalized. Unlike (1.8), which is written down as an assumption, this derivation, although highly abbreviated here, can be seen to offer the possibility of a logical scientific explanation for the background.
Against this possibility it was claimed that the projected thermalization was not possible, because no form of thermalizing particle could have the high opacity needed at wavelengths ca. 1 mm, without intergalactic radiation at other wave lengths being blocked and so failing to reach the observer in an observable way. This claim was surely advanced without much of an effort being made to dis cover whether it was true or not, since there was already laboratory evidence of such a particle in the metallurgical literature, in the form of metallic whiskers (for example, Nabarro & Jackson 1958). Table 1 gives mass absorption values at cryogenic temperatures at various wavelengths at various lengths and for iron whiskers standardized to a diameter of 0.02 (xm. Opacity curves for mixtures of iron whiskers can be constructed from this table, when it is readily seen that mixtures possessing very high microwave opacity and yet with low optical and long-wave radio opacities are easily obtainable.
It can be shown that thermalization is complete at all wavelengths except at the long wavelength end (A > 20 cm) where the galactic contribution also becomes significant (Hoyle et al. 1994 9.24e3 9.24e3 9.24e3 9.24e3 9.24e3 9.24e3 5.00e0 2.04e4 2.04e4 2.04e4 2.04e4 2.04e4 2.04e4
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Scale invarian t g r a v ita tio n a l e q u a tio n s
General relativity is known to give an accurate description of gravitational phenomena in the limit of weak gravitational fields. However, there is no evidence, either experimental or observational, to show the precise quantitative correctness of general relativity for strong gravitational fields. Thus Big Bang cosmology is engaged in working from assumed initial conditions according to a law for which there is no clear evidence. It is hardly necessary, therefore, to make a case for attempting to do something better. We start from what we consider to be a major defect of general relativity, that it is not scale invariant, unlike the rest of physics.
We are well-used to physical results being independent of the units in which quantities are expressed. This is because results are always dimensionless num bers. This usual situation is for units that stay the same at every spacetime point X. But should anything in physics be altered if units were changed differently at different spacetime points? Using the Compton wavelength of some specified particle as the length unit, and noting that 1 requires the time and space units to be the same, this question can be discussed by a general change of the length scale achieved by transforming from ds2 = dxk to ds*2 = Q2{x)gik (2.1
In such a transformation the spacetime coordinates of points on the path of a particle stay fixed. It is the proper distance between adjacent points that changes according to the choice of the twice differentiable scalar function 12 (X). Exper iments confined to a locality over which 12 does not change appreciably will evidently be unaffected. It is possible, however, for events in one locality to be related to distant localities through the propagation of some field, for example the electromagnetic field. The possibility that physics will be unaffected by 12(X) even for observations related to widely separated localities is suggested by the circumstance that light-cones are not affected by the transformation (2.1), pro vided 12 is restricted to the so-called conformal condition 12 0. And indeed Maxwell's equations are invariant with respect to (2.1), with the electromagnetic field tensor unchanged,
2) and with A* = Ai followed by a suitable gauge transformation leaving the equation for the 4-potential also invariant.
Since the coordinate positions of particles remain unchanged, the number of particles counted in a specified three-dimensional coordinate volume must be unaltered, despite the proper three-dimensional volume being changed by 123. Because \ip\2 measures particle probabilities per unit proper 3-volume, the function ip in quantum mechanics is therefore required to transform from ip* according to t/>* = Q-3/2ip. (2.3) Moreover, the spatial coordinate distance between two particles remains un changed whereas the proper distance is altered by 12. Since the Compton wave length m~l of some standard particle measures the latter, it is necessary for m to transform to m* according to
The number of Compton wavelengths separating two particles then remains the same. This inference can be tested strictly by considering the behaviour of the Dirac equation h dip 17 d^+ m^ = 0-(2-5) under the transformations (2.1), (2.3) and (2.4). To this end it is necessary firstly to generalize (2.5) to Riemannian space, writing 17 k^-,k + = 0 in place of (2.5), with non-Euclidean terms entering into the covariant derivative of ip (see, for example, Hoyle & Narlikar 1974, p. 149 can then be given (Hoyle & Narlikar 1974, p. 254) . With quantum mechanics invariant to (2.1), subject to (2.3) and (2.4), and with the electromagnetic field also invariant, quantum electrodynamics is invariant. More recent developments in physics concerned with abstract particle spaces are also considered to be scale invariant. So why should gravitation be the only aspect of physics that is not? We think the first step towards a better understanding of cosmology is to remedy this deficiency, which we shall now proceed to do.
It is necessary to begin by finding an action that is unaffected in its value by a scale transformation. The second term on the right-hand side of (1.3) satisfies this requirement. For a set of particles a, .. of masses m0, ... the form of Cphys usually considered in gravitational theory is
where the possibility of the particle masses varying with the spacetime position requires the mass m a(A) of particle a to vary with the point A on its path, and similarly for the other particles. Hence the second term on the right-hand side of
ith da* = 12 da and m* -f}~1ma it is clear that (2.9) is invariant with respect to a conformal (scale) transformation. On the other hand it can be shown that (Hoyle & Narlikar 1974, p. 28 
and it is equally clear that the first term on the right-hand side of (1.3) is not invariant, the trouble evidently coming from this first term. Since one can al ready remark on the artificial appearance of (1.3), in its strange combination of physical and geometrical quantities, it is surely here that a change must be made. Investigation shows that an attempt to replace the geometrical integral in (1.3) by some other geometrical quantity does not succeed, leaving Now choose a 'mass field' M (X ) to satisfy
Equation (2.15) has both advanced and retarded solutions. We particularize an advanced solution M adv(X) and a retarded solution ) in the following way.
M ret( X ) is to be the so-called fundamental solution in the flat spacetime limit (Courant & Hilbert 1962) . This removes for ) the ambiguity that would obviously arise from the homogeneous wave equation. The corresponding ambiguity for M adv(X) is removed by the physical requirement that fields without sources are to be zero. Since
the immediate consequences of this boundary condition is that M adv -M ret, being without sources, must be zero, so that
The gravitational equations are now obtained by putting
The tensor (?) can then be determined and it can also be shown that in a con formal transformation the mass field M (X )tr
M*(X) = Q~\X )M (X \
a result that follows from the form of the wave equation (2.15) (cf. Hoyle & Narlikar 1974, p. 111) . The outcome (p. 112ff) is
where
These gravitational equations are scale invariant. It may seem curious that from a simpler beginning, (2.9) for the action rather than (1.3), the outcome is more complicated, but this seems to be a characteristic of the physical laws. As the laws are improved they become simpler and more elegant in their initial statement but more complicated in their consequences. Now make the scale change It now becomes clear why the equations of general relativity are not scale in variant. These are the special form to which the scale invariant equations (2.20) reduce with respect to a particular scale, namely that in which particle masses are everywhere the same.
It is also clear that the transition from (2.20) to (2.24) is justified provided 17(X) 0 and J7(X) ^ oo. For example, if M (X) = 0 on a spacelike hypersurface the above conformal transformation breaks down. It is because of the existence of such time sections that the use of (2.24) leads to the (unphysical) conclusion of a spacetime singularity. It has been shown (Hoyle & Narlikar 1974; Kembhavi 1979 ) that the various spacetime singularities like that in the Big Bang or in a black hole collapse arise because of the illegitimate use of (2.24) in place of (2.20).
P la n c k p a r tic le s
It is easily seen from the wave equation (2.15) that M (X) has dimensionality (length)-1, and so has m0. Units are frequently used in particle physics for which both the speed of light c and Planck's constant h are unity and in these units mass has dimensionality (length)-1. If we suppose these units apply to the above discussion then from (2.22) m0 = (3/47rC7)1/2, (3.1) which with c = h = 1 is the mass of the Planck particle. This suggests th a gravitational theory without other physical interactions the particles must be of mass (3.1), which in ordinary practical units is about 10-5 g, the empirically determined value of G being used. This conclusion can be supported at greater length.
The action (2.9) from which the theory is derived is a dimensionless number obtained by counting the number of units 1 there are along portions of the paths of all the particles within some chosen four-dimensional volume. Since this count is the same in all conformal frames it does not matter that the frame used is the special one defined in (2.21). For such a count to have the basic significance that the theory requires it to have it is necessary that the length unit rhd 1 have basic significance. The significance is required to relate to the nature of the particles and so to quantum mechanics, as it does if we require m^1 to be the Compton wavelength of the particles. There seems no other plausible way of developing the theory.
Let m0 be the mass of the particles with respect to some practical unit and consider practical units also for time and length, so that neither c nor h is unity. When the empirically determined value of G is used in (3.5) this is the mass of the Planck particle, the value 1.06 x 10~5 g quoted above.
A d eriv a tio n o f th e c o sm o lo g ica l c o n sta n t

Writing
M { -a\X ) , M^b\ X ) , ... as the mass fields produced by Planck particles a, 6,..., the total mass field
M (X) = Y JM{a\ x )
(4-1) Since the cube term transforms to M*(a)3f7~3 with respect to 17 changing (4.2) to (4.5) preserves scale invariance in what appears to be its widest form. Since in other respects the laws of physics always seem to take on the widest ranging properties that are consistent with the relevant forms of invariance we might think it should also be here, in which case (4.5) rather than (4.2) is the correct wave equation for A 'T a\and similarly for ..., the mass fields of t Planck particles.
But this departure from linearity in the wave equations for the individual par ticles prevents a similar equation being obtained for M Nevertheless, the addition of the individual equations can be considered in a homogeneous universe to lead to an approximate wave equation for M of the form
where N is the effective number of particles contributing to the sum M^a\ The latter can be considered to be determined by an Olbers-like cut-off, contributed by the portion of the universe surrounding the point X in M (X) to a redshift of order unity. In the observed universe this total mass ca. 
In the scale in which M is m 0 everywhere the derivative term in (4.9) vanishes and since G = 3/ 47rmQ the term in R is the same as in (1.3), as are also the line integrals, requiring the remaining term to be the same gives
Thus we have obtained not only a cosmological constant but also its magnitude, something that lies beyond the scope of the usual theory. With 2.5 x 10~121 for A as in (4.8) and with ra0 the inverse of the Compton wavelength of the Planck particle, ca. 3 x 1032 cm-1, (4.10) gives A ~ -2 x 10"56 cm-2, (4.11)
agreeing closely with the magnitude that has previously been assumed for A. In the classical Big Bang cosmology there is no dynamical theory to relate the magnitude of A to the density or other physical properties of matter. For observa tional consistency it is assumed that A is of order (4.11). A dynamical derivation is possible if one goes into the very early inflationary epochs. However, the values of A deduced from those calculations are embarrassingly large, being 10108 TO120 times the value given by (4.11). The problem then is, how to reduce A from such high values to the presently acceptable range (Weinberg 1989) . By contrast, the present derivation leads to the acceptable range of values with very few theoretical assumptions. Planck particles are subject to rapid decay, when their mass couplings are replaced by those of more stable secondaries. Provided the secondaries interact together in the same way in the cube terms as the Planck particles from which they are derived, the result (4.11) continues to hold. 204 F. Hoyle, G. Burbidge and J. Narli
T h e origin o f th e lig h t e le m e n ts
It is not possible for a Planck particle with a Compton wavelength of ca. 3 x 10-33 cm to decay immediately into ca. 6 x 1018 nucleons. Considerations of degeneracy prevent such a dense packing, so that the resulting aggregrate of secondaries is required to spread out initially as bosons. Only when a dimension of ca. 10-7 cm has been reached can a swarm of ca. 2 x 1019 quarks appear. The situation in this respect is the same as in the first moments of Big Bang cosmology.
But whereas in Big Bang cosmology the early Planck particles are contiguous to each other here they are well separated, each producing its own cluster of ex panding secondaries. A further difference is that the Planck particles here consist of matter decaying into matter, so that the overwhelming loss of energy that occurs into radiation in Big Bang cosmology does not happen here. It happens in Big Bang cosmology because of an essentially contradictory double assumption. First the decay products of the Planck particles are said to be balanced between matter and antimatter and then the balance is said to be not quite perfect, as if to say -1 does not quite balance +1. The surviving remnant of matter embed ded in a greatly dominant radiation field produces the low mass density in a high temperature radiation field which is the essential feature of the relation (1.8), p = 10_32T 3, that is considered necessary for the synthesis of the light elements in Big Bang cosmology.
The challenge here is to produce a synthesis of the light elements with a very much larger coefficient than 10~32 in such a relationship. Energy lost into radia tion early in the expansion of a Planck fireball goes quickly into the dynamical expansion of the secondary particles. Without knowing this loss at all precisely it can be taken simply to produce a speed of expansion of order c. Thus the time scale for the expansion to a dimension of 10~7-10-6 cm is of the order of 10" 16 s and the particle density when large numbers of baryons are at last produced is in the range 1036-104° cm-3.
The discussion begins, however, at a much higher density than this, at a quark phase with the quark density high enough, above 1042 quarks cm-3, for degeneracy to force the six quark flavours to be represented nearly equally. But as expansion continues and degeneracy becomes less relevant, the high masses of the top, bot tom and charmed quarks become an increasing energy burden and it is considered that transitions occur within the available time scale to the up, down and strange quarks. Because we are outside known laboratory physics, however, this step is necessarily conjectural, not we think in principle but in the quantitative details of the time scale for the occurrence of the relevant transitions.
The only electrons present are from pair production from 7-rays, and because electrons have negligibly short mean free paths, charge neutrality must be main tained among the quarks themselves. That is to say, a charge excess among the quarks cannot be balanced by electrons and since any such excess must be small, again for energy reasons, the strange quark cannot be dispensed with in the man ner of the charmed, top and bottom quarks. To obtain charge neutrality, equal densities of up, down and strange quarks with charges § respectively are needed. This has the effect, when baryons are eventually formed in their low est energy state through associations of the quarks, of producing p, n, E+, E°, E _ , E~ and E+ almost equally. There is a little 17" but this is effectively negligi ble. Hence with n and p eventually combining into stable nuclei of 4He, and with the other six baryons not forming stable nuclei -with them eventually decaying into protons -the ultimate mass ratio of 4He to H is ca. 0.25.
These later stages in the expansion of Planck fireballs can be calculated quan titatively (Hoyle 1992; Hoyle et al. 1993) . A radiation field becomes established through the 75 MeV decay of E° into A. Using this radiation field it can be shown from detailed nuclear reaction rates that only a small fraction of n and p remain uncombined into 4He, giving a more precise mass ratio of 4He/H between 0.23 and 0.24. The relative abundances of the other light nuclei agree very well with the Solar System meteoritic values, as shown in the following table.
Our purpose here is to raise two points about these results. First, it is re markable that such results can be obtained under conditions relating density, temperature and time scale greatly different from those in Big Bang cosmology: if the present discussion were illusory this would hardly be expected. The second is that, with (1.8) no longer necessary, there is no reason why the presentday cos mological density, ca. 10~29 g-3, should not be entirely baryonic. All this follows, it may be noted, from the present consideration that the gravitational equations should be scale invariant, a consideration it seems to us with deeper consequences than the assumptions of Big Bang cosmology, which like (1.8) do not come from any need of physical theory but are assumed ad , or at any rate have been so over more than a quarter of century -already in 1967 the need for (1.8) to be understood in basic physical terms was strongly emphasized (Wagoner et al. 1967) but this understanding has not as yet been forthcoming in that theory.
T h e c re a tio n o f m a tte r
The observation that 4He/H is indeed about 0.23 by mass, taken with the preceding section, requires the observed matter to have emerged in the present theory from the decays of Planck particles and therefore to have been created at times in the past. Big Bang cosmology requires the same, with particle creation occurring during the brief moments following the Big Bang. Here there is no such need for creation to occur at essentially a particular moment, however, creation can be distributed in time, it can be an ongoing process.
Planck particle a exists from A0 to A0 + 6A0, in the neighbourhood of which it decays into n stable secondaries, n ~ 6 x 1018, denoted by au a2, • •. an. Each such secondary contributes a mass field say, which is the fundamental solution of the wave equation
da, (6 .1) while the brief existence of a contributes c(a)(X), say, which satisfies that is generally small compared to M(X), there is the difference that, whereas m(X) is an essentially smooth field, c(X) contains small exceedingly rapid fluc tuations and so can contribute significantly to the derivatives of M(X). The contribution to c(X) from Planck particle , for example, is largely contained between two light cones, one from A0, the other from A0 + 8Aq. Along a time like line cutting these two cones the contribution to c(X) rises from zero as the line crosses the light cone from A0, attains some maximum value and then falls back effectively to zero as the line crosses the second light cone from A0 + 8A0. The time derivative of c^(X ) therefore involves the reciprocal of the time dif ference between the two light cones. This reciprocal cancels the short duration of the source term on the right-hand side of (6.2). The factor in question is of the order of the decay time r of the Planck particles, ca. 10-43 s. No matter how small r may be the reduction in the source strength of c^(X ) is recovered in the derivatives of c^(X ), which therefore cannot be omitted from the gravitational equations. The derivatives of c ( 'a' > (X) , (X),... can as well be negative as positive, so that in averaging many Planck particles, linear terms in the derivatives do dis appear. Omitting for the moment the cosmological constant, it is therefore not hard to show that after such an averaging the gravitational equations become has the virtue of not introducing small very rapidly varying ripples into the metric tensor. Although small in amplitude such ripples produce non-negligible contributions to the derivatives of the metric tensor, causing difficulties in the evaluation of the Riemann tensor, and so are better avoided. Simplifying with (6.7) does not bring in this difficulty, which is why separating of the main smooth part of M(X) in (6.5) now proves an advantage, with the gravitational equations simplifying to 6 8-kG --mo = const., (6.8) m0
(6.9) Using the metric (1.1) with k = 0 the dynamical equation (6.11) with p the average particle mass density and c2 being the average value of c2, the average value of terms linear in c and of c being zero. It is easily shown from (6.10) and (6.11) that dp 8S__ 1 dt + S P 2 V + S C ( 6. 12)
If at a particular time there is no creation of matter then at that time the left-hand side of (6.12) is zero with p oc S~\ And with the right-hand side also zero at that time c2 oc S'-4. The sign of the c2 term in (6.10) is that of a negative pressure, a characteristic of the fields introduced into inflationary cosmological models. The concept of Planck particles forces the appearance of a negative pressure. In effect the positive energy of created particles is compensated by the sign of the c2 terms, which in (6.10) increases S/S and so causes the universe to expand. One can say that the universe expands because of the creation of matter. The two are connected because the divergence of the right-hand side of the gravitational equations (6.9) is zero. As would be expected from this conservation property the sign of the c2 term in (6.11) is that of a negative energy field. Such fields have generally been avoided in physics because in flat spacetime they would produce catastrophic instabilities -creation of matter with positive energy producing a negative energy c2 term, producing more matter, producing a still larger c2 term, and so on. Here the effect is to produce explosive outbursts from regions where any such instability takes hold, through the c2 term in (6.10) generating a sharp increase of
The sites of the creation of matter are thus potentially explosive. The explosive expansion of space serves to control the creation process and avoids the catastrophic cascading down the negative energy levels.
The requirement is in agreement with observational astrophysics which in re spect of high energy activity is all of explosive outbursts, without evidence for the ingoing motions required by the popular accretion-disc theory for which there is no direct observational support. The profusion of sites where X-ray and 7-ray activity is occurring are on the present theory sites where the creation of matter is currently taking place.
A similar discussion to that given above leads to the appearance of a cosmo logical constant in the gravitational equations, namely,
It has been on (6.13) that the discussion of what has been called the quasi-steadystate cosmological model (QSSC) has been based as, for example, in Hoyle et al. (1994a, 6) . A connection with Hoyle et al. (1993) can also be given. Writing
14)
F. Hoyle, G. Burbidge and J. Narlikar where r is the decay lifetime of the Planck particle, the action contributed by Planck particles a, b, ...,
can be approximated as (6.16) which form was used in Hoyle et al. (1993) . And the wave-equation for C(X), using the same approximation, is which was also used in Hoyle et al. (1993) , except that previously an unknown constant / appeared in place of r 2. When cube terms leading to a cosmological constant are also included, a term AC3 appears on the left-hand side of (6.17).
The question now arises of why astrophysical observation suggests that the creation of matter occurs in some places but not in others. For creation to occur at the points A0, B0, . . .i t is necessary classically that the action should n with respect to small changes in the spacetime positions of these points, which was shown in Hoyle et al. (1993) As already remarked above, this is in general not the case, in general the magni tude of c(X) is much less that m0. However, close to the event horizon of a massive compact body C'j(Ao)C'*(A0) is increased by a relativistic time dilatation factor, whereas m0 stays fixed. Hence, near enough to an event horizon the required conservation conditions can be satisfied, which has the consequence that creation events occur only in compact regions, agreeing closely with the condensed regions of high excitation observed so widely in astrophysics. The theory would profit most from a quantum description of the individual creation process. The difficulty, however, is that Planck particles are defined as those for which the Compton wavelength and the gravitational radius are essen tially the same, which means that, unlike other quantum processes, flat spacetime cannot be used in the formulation of the theory. A gravitational disturbance is necessarily involved. Nor is the process simply one of absorption of a boson from the c(X) field. Rather we see it is as analogous to stimulated emission, with such a boson serving to trigger the emission of a similar boson of negative energy, energy and momentum bring conserved through a gravitational reaction. This is simply an outline. We do not yet possess such a theory in quantitative detail. We estimate that of the order of 1060 bosons exist in cosmological space, out to distances such that redshifts of order unity are obtained from the most distant visible objects in it. These energies are normally not adequate for them to serve as triggers for the creation process. On falling into the strong gravitational fields of sufficiently compact objects, however, the boson energies are multiplied by a dilatation factor, namely (1 -/// r )_ly/2 for a local Schwarzschild metric
Bosons then multiply up in a cascade, one makes two, two makes four, ..., as in the discharge of a laser, with particle production multiplying up similarly and with negative pressure effects ultimately blowing the system apart. While still qualitative, this view agrees well with the empirical facts of observational astrophysics. 7
The quasi-steady-state cosmology
D isc u ssio n and su m m a ry
The theory developed in this paper differs from Big Bang cosmology in what we believe to be an important aspect, that the gravitational equations are scale invariant. The invariance is achieved through a scalar mass field M(X) which was divided into two parts
where c(X) is in general small compared to m(X) because the primary particles which produce it, Planck particles, exist only for a brief moment r ~ 10~43 s. The field m(X) produced by the stable secondaries was set equal to the value of m0 given by l = 3T lc/4:7tG (7.2) through the adoption of a suitable scale. The gravitational equations then reduce
Hoyle, G. Burbidge and J. V.
" ,.=1 J V-g(Ar) da*1 -) d a « the summation being over all stable secondary particles each of mass m0/n , with n the number of secondaries from each Planck particle a,b,..., each of mass m0. The field c(X) = X > (a)m , (7.5) although in general small, has derivatives that nevertheless make significant con tributions in (7.3). The cosmological constant A arose from the inclusion of a third order term in the wave-equations for c(a)(X), c(b)(X),...
approximately, and A = -3 A ml, (7.8) A being the square of the reciprocal of the number of primary Planck particles from which the secondaries present in the observable universe were derived, and similar third order terms being maintained for the mass field terms generated by the secondaries.
The classical conditions for the creation of primaries are c(A0) = c(B0) ... = m0, (7.9)
conditions that can be satisfied only in the vicinities of highly collapsed objects. The immediate successes of the theory are: (i) The circumstance that G determined by (7.2) is necessarily positive requires gravitation to act as an attractive force. Aggregates of matter must tend to pull together. This is unlike general relativity where gravitation can as well be centrifugal, with aggregates of matter blowing always apart, as follows if G in the action (1.3) of general relativity is chosen to be negative.
(ii) In the cosmological case with homogeneity and isotropy the pressure con tributed by the c-field term in the gravitational equations is negative, explaining the expansion of the universe.
(iii) Also in the cosmological case, the energy contribution of the c-field is negative, which ensures that when the creation conditions (7.9) are satisfied the creation process tends to cascade with explosive consequences.
(iv) The magnitude of the constant A is shown to be of the order needed for cosmology. Unlike Big Bang cosmology this is a deduction not an assumption.
(v) With newly created particles shown to be Planck particles their decay process provides a means for generating the light elements.
The theory has been applied to a new cosmological model (Hoyle et al. 1993 (Hoyle et al. , 1994a in which the scale factor S(t) in the metric (1.1) with -0 has the form shown in figure 1. We have called this the quasi-steady-state cosmology. This describes an ongoing universe in which the dissipative effects of permanent expansion by a factor exp t / Pa re compensated by the effects of cr some P/3Q oscillatory cycles, the time scales Q,P being ca. 50 x 1010 years and ca. 1012 years respectively. Details are given in the papers cited, particularly of the generation of the microwave background from the thermalization of starlight over a number of oscillatory cycles. Other problems discussed in these papers were the counts of radio sources, dark matter, cluster formation, stellar age problems and star formation. The discussion was prompted by the need for the universe to regenerate itself in all its properties, at a rate which on average compensates for the expansion factor exp t/P in S(t). This steady-state c in a more effective way than in the old classical steady-state theory, shifts the cosmological problem to one in which the parameters on which calculations are made can be determined from astrophysical observations. They are not guesses as in Big Bang cosmology. And the aim of the investigations is to test the laws set out above; the form of logical developments that is usual in science.
The outstanding stumbling block to progress lies in the mathematical diffi culty of solving partial differential equations explicitly in Riemannian spacetime. While special solutions can sometimes be found, progress towards general solu tions is really needed. As an example, the simple solution C = const, satisfies the wave-equation (6.17) in the exterior of the Schwarzschild metric (6.20), whence for this particular solution CiC1 behaves as a constant multi Thus, however small C may be, it follows that for r near enough to /i the clas sical creation condition CiC1 = ml must become satisfied. It be desirable to prove this result generally by including the back reaction of the creation process on the metric. The circumstance that the wave-equation for C is the scalar analogue of the equations for the electromagnetic 4-potential might suggest that results for the latter be taken over in a suitably modified form. But the hope is dashed by the extraordinary situation that after almost a century of endeavour in the theory of general relativity, little in the way of solutions for the electromagnetic 4-potential exists, even for the simple Schwarzschild metric. While this lack of progress for the electromagnetic case illustrates the difficulties which still have to be faced in a theory of the creation of matter, we feel that it is in this direction that progress will eventually lie, not in abrogating the need to understand the origin of matter through arbitrary initial assumptions.
